During myocardial infarction the blood supply to an area of the heart muscle is decreased. Under these conditions anaerobic glycolysis is greatly stimulated in an attempt to maintain adequate energy production. As a consequence of this increased glycolytic activity, large quantities of lactic acid are produced and it has been suggested that the resulting intracellular acidosis may contribute to the observed ultrastructural damage (Brachfeld, 1969) . During ischaemia the lysosome may release its membrane-bound acid hydrolases which are capable of digesting the components of the cell. Two processes could produce this effect. First a pH-initiated labilization of the lysosome membrane may arise from the high intracellular concentration of lactic acid. Secondly, the lysosomal enzymes may be released into the cell in an attempt to provide substrates for energy metabolism. It was therefore decided to characterize lysosomal changes and their contribution to cellular damage in the myocardium during anoxia.
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ELIZABETH WELMAN Cardiovascular Research Unit, Royal Postgraduate Medical School, London W12 OHS, U.K. During myocardial infarction the blood supply to an area of the heart muscle is decreased. Under these conditions anaerobic glycolysis is greatly stimulated in an attempt to maintain adequate energy production. As a consequence of this increased glycolytic activity, large quantities of lactic acid are produced and it has been suggested that the resulting intracellular acidosis may contribute to the observed ultrastructural damage (Brachfeld, 1969) . During ischaemia the lysosome may release its membrane-bound acid hydrolases which are capable of digesting the components of the cell. Two processes could produce this effect. First a pH-initiated labilization of the lysosome membrane may arise from the high intracellular concentration of lactic acid. Secondly, the lysosomal enzymes may be released into the cell in an attempt to provide substrates for energy metabolism. It was therefore decided to characterize lysosomal changes and their contribution to cellular damage in the myocardium during anoxia.
Lysosomal changes owing to ischaemia or anoxia were first reported in liver by de Duve & Beaufay (1959) who observed a decrease in sedimentable acid phosphatase activity. Subsequent studies on ischaemic hearts in dogs by Brachfeld & Gemba (1965) and Ravens & Gudbjarnason (1969) showed complex changes in myocardial lysosomes. Initially these involved either increased or decreased activity of both free and bound enzymes, but resulted in a large increase in activity after several days. These changes may be the result of enzyme loss from the damaged cell, enzyme synthesis during cell autolysis and invasion of the tissue by cells rich in lysosomal enzymes. Ricciutti (1972) showed a decrease in sedimentable acid phosphatase and b-glucuronidase in canine myocardium after 4h of coronary artery ligation, followed by a significant rise in serum acid phosphatase after a further 2h of ligation.
In whole-animal experiments it is difficult to distinguish biochemically between the lysosomal enzymes of the myocardial cell and those resulting from invasion of the damaged tissue by macrophages. For this reason the isolated perfused heart was chosen in this study to investigate the effects of anoxia on myocardial lysosomes.
Adult male Dunkin-Hartley guinea-pigs (600k50g body wt.), maintained on a standard diet, were anaesthetized with halothane/air mixture and injected with heparin (1000i.u./kg) via the right femoral vein. The hearts were removed and placed in icecold Krebs bicarbonate buffer, pH7.4, until cessation of beating. The aorta was attached to a stainless-steel cannula and the heart was perfused with the Krebs buffer at 37°C under a perfusion pressure of 60cmH20 (Langendorff, 1895). As aerobic controls six hearts were perfused for 60min with buffer containing glucose (1 1.1 mM), which had been gassed with a mixture of Oz+COz (95:5). To investigate the effects of glucose, these hearts were compared with aerobically perfused hearts (n = 6) in which glucose was absent from the perfusion fluid. In anoxic studies the perfusion fluid was equilibrated with N2+C02 (95:5) and perfusions were again performed (60min) with or without glucose. A further series of anoxic hearts were perfused with mannitol (1 I . l m~) to determine whether the effect of glucose was metabolic in origin. At the end of the perfusion period the hearts were removed for the determination of free and total enzyme activities. The latency, which is the percentage of bound enzyme, was calculated from
The hearts were placed in ice-cold sucrose ( 0 . 2 5~) and a portion of the left ventricle was removed, chopped with scissors and homogenized in a Dounce homogenizer. The nuclei, unbroken cells and large debris were removed by centrifugation at 600g for 10niin. The supernatant was assayed for protein by themethod of Lowry et al. (1951) 
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BIOCHEMICAL SOCIETY TRANSACTIONS acid hydrolases. These enzymes were chosen from twenty acid hydrolases that had previously been studied in guinea-pig heart, on the basis of high measurable activity, ease of assay and consistent latency. The methods were similar to those used by Peters et al. (1972) . Free enzyme activities were assayed by incubating 0.1 ml of homogenate supernatant with O.lml of substrate solution for 15min at 37°C. The reaction was stopped by the addition of 2ml of ice-cold SOm~-NaOH-glycine buffer, pH 10.4, containing 5 mM-EDTA. The fluorescent product was measured against an appropriate standard.
Total enzyme activities were obtained in the same way with the inclusion of digitonin (0.05mg/ml) in the substrate solution. This surface-active agent was used in preference to Triton X-100, which caused activation or deactivation of enzyme activity depending on the concentration used.
The results are shown in Table 1 . There was no change in the total tissue activities of the marker enzymes in any of the perfused hearts irrespective of the presence of O2 or glucose. Thus there appears to be no loss of these enzymes from the heart during the first hour of anoxia and there was no detectable acid hydrolase activity in the perfusate. There was no significant difference in latency between non-perfused guinea-pig hearts and those perfused for 1 h with O2 and glucose, indicating that perfusion as such does not labilize the lysosome membrane. In the glucose-free anoxic hearts there was a highly significant loss of latency for each enzyme (P<O.OOl) of the order of 50%. This effect was markedly decreased by the inclusion of glucose in the perfusion fluid. Absence of glucose had no effect on oxygenated hearts over the 60min experimental period.
A protective effect of glucose on the anoxic heart has been demonstrated in other studies, for example in the decrease of soluble enzyme release by the perfused rat heart (Hearse et al., 1973) . In that case the protection was considered to be metabolic in nature. Conversely, the work of MacJiod & Daniel (1965) demonstrated that the effect of glucose on transmembrane action potential could be produced in part by nonmetabolized sugars. When guinea-pig hearts were perfused anoxically with mannitol in the present study there was a slight protection of the lysosomes which was much less than the effect of glucose. These results suggest that if mannitol is essentially nonmetabolized then the protective effect of glucose is probably due to its ability to act as an anaerobic source of energy.
It cannot be concluded at this stage that acid hydrolases have leaked from the lysosome into the cytoplasm of the intact cell during 60min of anoxia, since increased fragility of the membrane may render the lysosome more susceptible to disruption during homogenization of the tissue. However, the evidence indicates that labilization of the lysosome membrane is an early feature of anoxic cell damage in the heart. This work was supported by a grant from the British Heart Foundation.
